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V. Ibegbuna,1 K.T. Delis1,2* and A.N. Nicolaides11Faculty of Medicine, Imperial College, St Mary’s Hospital, Paddington, London, and 2Division of Vascular
Surgery, Mayo Clinic, Rochester, MN, USAObjective. The purpose of this study was to assess the effect of venous incompetence of the deep, superficial and perforator
veins combined (i.e. multi-system incompetence) on the venous haemodynamics and clinical condition of limbs with chronic
venous disease (CVD).
Methods. One hundred and thirty two limbs (16-C1; 30-C2; 20-C3; 25-C4; 21-C5; 20-C6) of 121 patients were studied. We
excluded those with previous venous surgery/sclerotherapy, peripheral arterial disease, recent deep vein thrombosis (%6
months), or inability to comply with the tests. The CEAP clinical class was assessed. Duplex ultrasonography (ultrasound)
enabled classification according to: the presence of superficial[S] (G perforator[P]) or deep[D] (GS,GP) reflux (O.5 s); the
number of incompetent venous systems (single-system[S/P/D], dual-system[SCP/SCD/PCD], or triple-system[SCPCD]), and
the number of incompetent perforators[0/1/2/R3]. The amount of reflux (Venous Filling Index[VFI]); calf pump Ejection
Fraction[EF], and Residual Volume Fraction[RVF] were studied with air-plethysmography.
Results. VFI in limbs with triple-system incompetence (VFI median 6.68 [IQR: 4.7–9.7] ml/s) was higher than in limbs
with dual-system incompetence (4.5 [2.1–7.4] ml/s), and VFI in the latter was higher than in limbs with single-system
incompetence (1.3 [0.69–2.3] ml/s)(p!0.01 Kruskal–Wallis). Although EF changes were small, RVF in limbs with triple-
incompetence (39 [30–51] %) was higher than in single-system incompetence (26 [16–33] %) (p!0.01 Mann–Whitney).
Limbs with superficial (GP) incompetence had a lower VFI (p!0.01) and RVF (p!0.02) than limbs with deep (GSGP)
incompetence, and limbs withR2 incompetent perforator veins had a higher VFI (p!0.04) than those without perforators.
All limbs with single-system incompetence were C1–3, whereas 78% of those with triple-incompetence were C4–6 (p!0.01).
The number of incompetent systems increased with clinical class (p!0.01).
Conclusions. The frequency of incompetence of more than one venous system increased with the clinical severity of venous
disease and was accompanied by a 5-fold increase in the amount of reflux and a 50% rise in the RVF. The number of
incompetent perforators per limb increased with the amount of reflux. The number of incompetent venous systems
(superficial, deep, perforator) and perforator veins can be assessed by duplex ultrasound giving an objective indication of the
functional severity of venous disease. In this way duplex ultrasound could be used to grade venous function in clinical
practice as an alternative to APG measures which are less widely available.Keywords: Chronic venous disease; CEAP; Venous haemodynamics; Multi-system venous incompetence; Duplex; Air-
plethysmography; Superficial, deep, and perforator vein incompetence.Introduction
The sites and extent of venous refluxparallel the clinical
severity of chronic venous disease (CVD).1–11 Venous
reflux may affect the superficial, deep and perforator
veins or combinations of these. Incompetence in more
than one venous system is present in two thirds of
limbs with skin changes and ulceration,2,5,9 Patients
with severe CVD (C4–6) often have incompetence of all
three systems.9,10 In this paper, we refer to combi-
nations of incompetent systems as ‘multi-systeming author. Mr.K.T. Delis, MS, PhD, FRCSI, EBSQ(vasc),
ourt, 34 Gordon Road, Ealing, London W5 2AF, UK.
es: k.delis@ic.ac.uk, delis.kostas@mayo.edu
0535+ 07 $35.00/0 q 2005 Elsevier Ltd. All rights reservenous incompetence’ meaning incompetence in com-
binations of the deep, superficial and perforating veins.
Increasing clinical severity of CVD is associated with
impairment of measures of venous valvular incompe-
tence and overall calf muscle pump function.1,3,9 The
effect of multi-system venous incompetence on venous
function measured by air-plethysmography (APG) has
not been reported in detail.
The purpose of this study was to examine the effect
of multi-system venous incompetence on calf muscle
pump function and venous reflux assessed by APG
and to investigate the relative contribution of each of
these systems. The clinical implications and diagnostic
value of multi-system venous incompetence are also
examined.Eur J Vasc Endovasc Surg 31, 535–541 (2006)
doi:10.1016/j.ejvs.2005.10.024, available online at http://www.sciencedirect.com onved.
Table 1. Patient demographic data and history of thrombosis (M/F: male/female; IQR: interquartile range; SVT: documented history (O6
months) of superficial vein thrombosis; DVT: documented history (O6 months) of deep vein thrombosis)
Clinical class Patients Median age
(IQR)
Limbs M/F limbs SVT (%) DVT (%)
1 12 38 (34–44) 16 0/16 0 0
2 28 40 (30–53) 30 13/17 0 0
3 19 41(34–48) 20 9/11 0 4 (20%)
4 21 63 (55–70) 25 18/7 2 (8%) 6 (24%)
5 21 63 (54–69) 21 12/9 3 (14%) 2 (10%)
6 20 59 (48–68) 20 12/8 1 (5%) 10 (50%)
Total 121 – 132 64/68
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In the study we included unselected patients with
clinically suspected CVD referred to the blood flow
laboratory (SMH) from 1995 to 2000 by General
Practitioners and Consultants in North-West London
for venous investigations, including duplex ultra-
sound and APG. Local Ethics Committee approval
(SMH) was granted prior to the retrospective accumu-
lation, analysis and presentation of the data. Patients’
consent was waived in light of the retrospective,
anonymous, data use. We excluded from the study
limbs with: no signs and symptoms of CVD (C0);
previous venous surgery; injection sclerotherapy;
peripheral arterial disease demonstrated clinically by
weak/absent peripheral pulses and a resting ankle
brachial pressure index less than 1.0; those unable to
undergo APG assessment due to relative immobility of
the ankle or knee joints, and those with a recent (%6
months) or chronologically undefined history of deep
vein thrombosis (DVT). Our study consists of 121
patients, 132 limbs in total. Demographic data are
shown in Table 1. We included limbs with a well
documented past history of superficial or deep
thrombosis exceeding 6 months.
Patients included in the study had their clinical
notes examined in detail and were assigned to the
appropriate CEAP clinical class.11 The lower limb
arterial system was assessed clinically and the resting
ankle-brachial index was measured.12 Patients under-
went a venous duplex ultrasound examination,9 and
venous assessment of the lower limb with APG.1,13,14
Duplex ultrasound investigation of the lower limb
venous system for valvular incompetence was per-
formed with the ATL Ultramark 9 HDI ATL (Bothwell,
Wash., USA) using our standard protocol.9 Venous
reflux was found in all patients. Axial or segmental
venous reflux consistently exceeding 0.5 s in duration
was considered as abnormal.15 Outward perforator
vein flow exceeding 0.5 s upon release of manual
compression of the limb applied distal to the level of
the perforator was considered to show incompetence.Eur J Vasc Endovasc Surg Vol 31, May 2006Limbs were classified according to the presence of
superficial (GP) or deep (GS,GP) vein incompetence;
the number of incompetent venous systems: one
system (S or P or D), two systems (SCP, SCD, PCD),
or three systems (SCPCD), and (c) the number of
incompetent perforator veins (0, 1, 2, orR3).
The following parameters were assessed with APG
(1000, ACI-Medicalw, San Marcos, CA): venous filling
index (VFI) in ml/sec, reflecting the amount of venous
reflux; ejection fraction (EF) in %, representing the calf
pump ejection capability; residual volume fraction
(RVF) in %, mirroring the ambulatory venous press-
ure,1,3,10 and outflow fraction in %, reflecting the
venous outflow status. The methodology we used has
been described previously.1,13,14
Statistical analysis of the study data was performed
using non-parametric tests of statistical significance.
Between group differences were analysed using the
Mann–Whitney test. Analysis of variance (Kruskal–
Wallis test) was used for comparisons amongst three
or more groups of unpaired data; in order to identify
the exact level of statistical intergroup significance the
Mann–Whitney test with Bonferroni correction was
applied, compensating for the multiple comparisons
made within the same data set.16 Differences in
proportion were assessed using the chi-squared test.
A two-tailed probability of less than 0.05 was
considered as significant. Air-plethysmography data
are expressed as median and interquartile range (IQR).
The value of triple-system venous incompetence for
predicting different grades of abnormal global venous
reflux in limbs with CVD includes determination of
the sensitivity, the specificity, and the positive and
negative predictive values.Results
The distribution of study limbs across the CEAP
clinical classes is shown in Table 1. Limbs with
superficial (GP) incompetence had lower VFI and
RVF than limbs with deep (GS, GP) incompetence
(Fig. 1(a) and (b)). EF in limbs with superficial (GP)
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Fig. 1. Venous filling index (a) and residual volume fraction
(b), presented as median and interquartile range (left) and
scattergram (right), in 60 of 132* study limbs (45%) with
superficial [S] (G perforator [P]) vein incompetence, and the
71 of 132 limbs (53.8%) with deep (GS, GP) vein
incompetence, evaluated with air-plethysmography
(Mann–Whitney test). *One limb of 132 had isolated
perforator incompetence.
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Fig. 2. Venous filling index[VFI] (a) and residual volume
fraction[RVF] (b), expressed as median and interquartile range
(left) and scattergram (right), in 16 of 132 study limbs (12%)
with single venous system incompetence, in 62 of 132 limbs
(47%) with dual-system incompetence, and in 54 of 132 limbs
(41%) with triple-system incompetence, evaluated with air-
plethysmography. Both the VFI and the RVF increased
overall with the number of incompetent venous systems (p!
0.01, Kruskall–Wallis). [Difference in the VFI between limbs
with single and triple system incompetence also significant
(p!0.01, Mann–Whitney adjusted with Bonferroni correc-
tion)].
Table 2. Distribution of limbs with single, dual and triple venous
system incompetence in the clinical classes of CEAP (p!0.01[c2])
Number of incompetent venous system
Clinical class 1 2 3
C1–3 16 limbs (100%) 38 limbs (61%) 12 limbs (22%)
C4–6 0 24 limbs (39%) 42 limbs (78%)
Total 16 limbs (100%) 62 limbs (100%) 54 limbs (100%)
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from the EF in limbs with deep (GS, GP) incompe-
tence (55% [46–67]).
The VFI rose with increasing number of venous
systems affected by venous valvular incompetence
(Fig. 2(a)). Limbs with superficial, deep and perforator
incompetence had a higher RVF than limbs with single-
system incompetence (p!0.01) (Fig. 2(b)). We found no
difference (pO0.28, Kruskall–Wallis) in the EF amongst
limbs with single- (58% [51–72]), dual- (56% [49–67]),
and triple-system (56% [42–65]) incompetence.
Seventy-eight percent of limbs with triple-system
incompetence had skin changes or ulceration (CEAP
C4–6), whereas limbs with single-system incompetence
had been assigned to CEAP clinical classes C1–3
(Table 2). The number of incompetent venous systems
per limb increased (p!0.01[Kruskall–Wallis]) with clinicalseverity of CVD from C1 through C6; C1 limbs had a
mean of 1.56 (25/16) incompetent venous systems per
limb; C2 limbs: 2.16 (65/30); C3 limbs: 1.9 (38/20); C4
limbs: 2.48 (62/25); C5 limbs: 2.76 (58/21); C6 limbs: 2.7
(54/21).Eur J Vasc Endovasc Surg Vol 31, May 2006
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Fig. 3. Venous filling index[VFI], presented as median and
interquartile range (left) and scattergram (right), in 30 of 132
study limbs (22%) without perforator incompetence, in 40 of
132 limbs (30.3%) with one incompetent perforator, in 33 of
132 limbs (25%) with two incompetent perforators, and in 29
of 132 limbs (22%) with three or more incompetent
perforators, evaluated with air-plethysmography (Mann–
Whitney test adjusted with Bonferroni correction). VFI
increased overall with the number of incompetent perfora-
tors (p!0.01, Kruskall–Wallis).
Table 4. Distribution of limbswith superficial [S] (Gperforator [P])
and deep (GS,GP) venous incompetence in the clinical spectrum
of CEAP (p!0.01 chi-squared)
Clinical class Superficial incompe-
tence GP (%)
Deep incompetence
GS, GP (%)
C1–3 44 (73%) 21 (30%)
C4–6 16 (27%) 50 (70%)
Total limbs (%) 60 (100%) 71 (100%)
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number of incompetent perforator veins, comparison
of the APG measurements VFI (Fig. 3), EF and RVF
(Table 3a) was performed. Limbs with R2 incompe-
tent perforator veins had a significantly higher VFI
than limbs without perforator incompetence. ThereTable 3a. Residual volume fraction[RVF] and ejection fraction[EF] of
limbs with 0, 1, 2, and R3 incompetent perforator veins,
determined plethysmographically
Incompetent
perforators
Limbs (%) RVF (%) EF (%)
0 30 (22%) 27 (17–41) 56 (49–71)
1 40 (30%) 35 (29–42) 55 (47–65)
2 33 (25%) 38 (25–52) 59 (49–65)
R3 29 (22%) 39 (31–50) 56 (49–67)
Kruskall–Wallis test pZ0.127 pO0.91
Table 3b. Distribution of limbs with 0, 1, 2, andR3* incompetent
perforator veins (IPVs) across the spectrum of clinical classes of
CEAP (p!0.01, chi-squared)
Clinical
class
Number of incompetent perforator veins
0 limbs 1 limbs 2 limbs R3* limbs
C1–3 23 (76.7%) 20 (50%) 13 (39.4%) 10 (35%)
C4–6 7 (23%) 20 (50%) 20 (61%) 19 (66%)
Total 30 (100%) 40 (100%) 33 (100%) 29 (100%)
*Thirteen limbs had 3 IPVs; 6 limbs had 4 IPVs; 5 limbs had 5 IPVs; 3
limbs had 6 IPVs, and 2 limbs had 8 IPVs
Eur J Vasc Endovasc Surg Vol 31, May 2006was no difference in RVF or EF amongst limbs
classified in this way. In Table 3b the distribution of
incompetent perforator veins in limbs with less severe
venous disease (CEAP C1–3) is compared to that of
limbs with skin changes and ulceration (CEAP C4–6).
The proportion of limbs with R2 incompetent
perforators was significantly higher (p!0.01, c2)
amongst C4–6 limbs than C1–3 ones. In Table 4 limbs
have again been divided into less severe venous
disease (CEAP C1–3) and those with skin changes
and ulceration (CEAP C4–6). Deep vein (GS GP)
incompetence was more common in CEAP clinical
classes C4–6. Limbs with a documented history of past
(O6 months) DVT (22/132 or 17%) featured triple-
(16/22, 63%) or dual- (6/22, 27%) system incompe-
tence, and were graded in CEAP clinical classes C3–6
[C3 (4/22); C4 (6/22); C5 (2/22); C6 (10/22)], median C5
(IQR: 4–6). Their haemodynamic performance
[median (IQR)] was: OF, 24% (23–32); VFI, 8.1 ml/s
(5.5–10); RVF, 38 (28–46); EF, 56% (48–67). The clinical
severity of CVD in the CEAP classes (p!0.01, c2), the
proportion of multisystem-venous incompetence (p!
0.01, c2), the OF and VFI (both p!0.01[Mann–Whitney]) of
limbs with past (O6 months) DVT were all signifi-
cantly higher/worse than those of limbs without a
history of thrombosis; the latter had an unimpaired
venous outflow (OF O40%) and a median VFI of
3.4 ml/s (IQR: 2–6.3) on APG.
The clinical value of triple-system venous incompe-
tence for predicting different grades of venous reflux
in limbs with CEAP clinical classes C2–6 and C3–6 is
shown in Table 5.Discussion
We have investigated the venous function of the calf
muscle pump and venous haemodynamics of the
lower limb using APG and related this to the
occurrence of venous reflux in the superficial, deep
and perforator venous systems, shown by duplex
ultrasound, as well as to the clinical severity of venous
disease classified according to the CEAP classification.
Table 5. Value of triple-system venous incompetence (on duplex ultrasound) for predicting different grades of venous reflux, assessed
with air plethysmography, in limbs with chronic venous disease, CEAP clinical classes 2–6 (above), and 3–6 (below)
Triple-system
incompetence
Amount of venous reflux (venous filling index in ml/s)
R2 R2.8 R3.5 R4 R5 R6 R7
Clinical classes C2–6
Sensitivity(%) 48 53 55 57 57 64 61
Specificity(%) 83 91 79 78 73 70 64
Positive
predictive value(%)
96 96 87 83 75 64 48
Negative
predictive value(%)
16 30 42 50 55 70 75
Clinical classes C3–6
Sensitivity(%) 54 58 61 62 61 68 645
Specificity(%) 100 100 77 75 64 64 55
Positive
predictive value(%)
100 100 91 89 80 70 52
Negative
predictive value(%)
2.5 15 33 38 40 63 68
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VFI increases significantly with the number of venous
systems affected by valvular incompetence; VFI is
greater if two venous systems are involved (median
4.5 ml/s) and greater still if three systems are
incompetent (6.7 ml/s) compared to limbs in which
only one system is involved (1.3 ml/s). A VFI of O
7 ml/s has been reported to have a 73% sensitivity, a
100% specificity, and a 100% positive predictive value
in identifying limbs with venous ulceration.17 This
leaves 27% of patients with leg ulceration with a VFI of
less than 7 ml/s, showing that severe venous reflux
alone is not the only haemodynamic factor involved in
the development of venous ulceration. A critical level
of reflux at a VFI exceeding 5 ml/s has been proposed,
based on the prevalence of venous ulceration being
merely 2% in limbs with a VFI of 2–5 ml/s but 15-fold
(i.e. 30%) in limbs with a VFI O5 ml/s and a normal
calf muscle pump.10,18 In calf muscle pump impair-
ment, the prevalence of venous ulceration rises from
32% in limbs with a VFI of%5 ml/s toR63% in limbs
with a VFI O5 ml/s.10,18 Reflux times measured by
duplex ultrasound have been correlated previously
with the amount of venous reflux obtained plethys-
mographically,19 establishing an agreement in haemo-
dynamic assessments between these two methods. We
considered that the carefully defined presence or
absence of reflux assessed by duplex ultrasound was
more useful in everyday practice and have shown that
the number of incompetent venous systems is strongly
associated with APG measures of venous reflux.
We encountered no ulcers in limbs with single-
system incompetence in our series, and only four cases
in limbs with dual-system incompetence (6.5%), but
over a quarter (14/54) of limbs with triple-system
incompetence had active ulcers (26%). Single-system
incompetence in our series was insufficient to causeskin changes and ulceration (C4–6), which occurred in
40% (24/62) of limbs with dual-system incompetence
and 80% (42/54) of limbs with triple-system
incompetence.
The increase in the number of incompetent
venous systems with clinical severity of CVD has
been reported previously, but has not been
compared with APG measures of the calf muscle
pump function and venous haemodynamics. Lees et
al.20 detected multi-system venous incompetence
(SCDCP) in 36% of limbs with skin changes but
only in 6% of limbs with mild CVD (C1–3).
Hanrahan et al.2 identified multi-system incompe-
tence (SCDCP) in 32% of the 95 extremities (78
patients) with venous ulceration, in keeping with
Labropoulos et al.,8 who reported combined patterns
of reflux (SCP, SCD, PCD, PCSCD) significantly
more often (O65%) among limbs in CVD classes 2
(skin changes) and 3 (pre-ulcerative skin changes or
ulceration) stratified according to Porter et al.
(1988);21 similarly, Welch et al.22 found incompetence
involving both the superficial and the deep systems
in 14% of limbs CVD class 1, increasing to 22% in
class 2 and to 37% in class 3 (old classification).
21The exact prevalence of complex patterns of vein
incompetence (SCP, SCD, DCP, SCDCP) across
the clinical spectrum of CEAP clinical classes was
determined by Delis et al.9 who stated that triple-
system incompetence (SCDCP) increases (rZ0.9;
p!0.01) with clinical severity.
Although the EF of limbs with multi-system venous
incompetence did not change compared with limbs
featuring single-system incompetence, limbs with
triple-system incompetence were found to have a
50% elevation of the RVF, representing an equal
increase in the proportion of venous volume remain-
ing in the calf after optimal calf muscle pump exertion.Eur J Vasc Endovasc Surg Vol 31, May 2006
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venous pressure with which it is reported to correlate
linearly.1,3,4,10 The 50% elevation of the RVF in multi-
system incompetence may be interpreted as failure of
the calf muscle pump to compensate for the 5-fold
increase in the amount of venous reflux noted in these
limbs, although the calf pump efficacy in terms of the
proportion of ejected venous volume remained
unaffected according to the study data. Elevation of
the ambulatory venous pressure with increasing
clinical severity of CVD has been substantiated.4,10
Similarly, a rise in the RVF with increasing severity of
CVD has been documented.1,3,10
In our study the median VFI in limbs with deep (G
S, GP) incompetence was twice that in limbs with
superficial (GP) incompetence, compounded by a
higher RVF by 30%. The greater reflux impairment in
limbs with vein deep incompetence may be attribu-
table to the higher venous capacity of the deep veins
and certainly reflects the worse clinical severity of
CVD. In our sample less than 1/3 of limbs in clinical
classes C1–3 had deep incompetence compared with
over 70% of limbs stratified as C4–6. Severe clinical
classes (C4–6) were associated with more incompetent
venous systems. CEAP clinical classes 1 and 2 had a
mean 1.6 and 2.2 incompetent systems per limb,
respectively, contrasting classes 5 and 6 featuring 2.7
incompetent systems per limb, each. These findings
are in keeping with previous reports by Neglen,23
Weingarten,5 van Rij,24 Myers,7 and Delis9 who have
demonstrated the increasing role of deep vein
incompetence with CVD severity. Yet, although the
prevalence of deep incompetence increases with
clinical severity[CEAP] of CVD (p!0.01) that of
superficial incompetence remains unchanged.9
The role of perforator incompetence in CVD is
unequivocal.25,26 In a multivariate linear regression
analysis perforator incompetence emerged as an
independent determinant of the CEAP clinical severity
of CVD, withstanding the concurrent conspicuous
effects of superficial and deep incompetence.27 In the
current study the VFI in limbs with perforator
incompetence was twice that in limbs without
perforator incompetence, but no significant differences
in RVF or EF were found. These findings are consistent
with published literature reporting increasing clinical
severity of CVD in association with the number of
incompetent perforators.9,26,27 Since ours is an obser-
vational study, like many others on this subject, we
cannot exclude the possibility that perforator incom-
petence is the consequence of incompetence in deep or
superficial veins.28
In conclusion the increasing number of incompe-
tent lower limb venous systems with clinical severityEur J Vasc Endovasc Surg Vol 31, May 2006of CVD was associated with a 5-fold increase in the
amount of reflux (VFI) and a 50% rise in the RVF.
The number of incompetent perforator veins in the
examined limbs mirrored the severity of venous
reflux. The number of incompetent venous systems
(superficial, deep, perforator) and perforator veins
can be assessed by duplex ultrasound giving an
objective indication of the functional severity of
venous disease. In this way duplex ultrasound
could be used to grade venous function in clinical
practice as an alternative to APG measures which are
less widely available.References
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